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Abstract 
Increasingly the thinking of sustainability becomes important in the design of Industrial Product Service Systems (IPSS) especially in the field 
of maintenance. This helps to achieve a longer lifetime of the product system, more efficiency regarding resource and reduces environmental 
pollution. In the product development it is an established principle to develop products in a sustainable way. But in IPSS the aspect of 
sustainability has to be considered too. Both - service and product - influence each other in the design of IPSS especially regarding maintenance. 
To ensure a sustainable design of IPSS, it is necessary to recognize all requirements regarding sustainability along the life cycle of service and 
product. Thus, an integrated concept for the design of a sustainable IPSS based on a high data quality, in this application field data, for excellence 
maintenance services is needed. 
 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the International Scientific Committee of the 13th Global Conference on Sustainable Manufacturing. 
Keywords: Industrial Product Service Systems; Sustainability; Life Cycle; Field Data; Systems Engineering 
1. Introduction 
The Industrial Product Service Systems (IPSS) concept 
realizes an integrated consideration of products and services for 
the whole life cycle [1]. Within this life cycle IPSS have to be 
maintained as well as repaired in different intervals. 
Lifecycle-based maintenances and repairs (scheduled or 
unscheduled) are realized by manufacturer-own service-
organizations as well as by small and medium-sized enterprises 
(SME) or other craft producers. Assigned to this the high effort 
to provide crucial information (right/relevant degree of 
information and time) are central challenges [2] for such 
service events.  
Service events can be planned more efficiently based on data 
collected during product use. Structured data from sensors, 
which are embedded in the product, provide information e.g. 
about the wear of components [3]. The degree of wear then 
leads to a service event.  
During service events unstructured data e.g. service reports 
is generated as well. This unstructured data inherits information 
about the detected failures, actions taken and the cause for the 
failure [4].  
Structured data from the product use and unstructured data 
from service events is referred to as field data. By considering 
both data sets – structured and unstructured – and combining 
them for an overall analysis, the efficiency for maintenance and 
repairs in IPSS can be improved [5]. How this different data 
pools have to be combined and analyzed has to be further 
investigated.  
Only by comprehensive knowledge of the structure and 
relations of IPSS, which can be characterized as complex 
systems [6], it becomes possible to organize and optimize these 
systems in a sustainable way by using field data. IPSS are 
described by the integral consideration of industrial products 
(technical systems) and services (socio-technical systems). 
Therefore IPSS are considered in the following as complex 
socio-technical systems. 
System’s complexity can be characterized by divergent 
elements as well as the diversity of elements (products and 
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services), their interrelations among themselves as well as their 
interrelations with the environment [7].  
In addition, the large number of involved partners in 
services, as well as their discipline specific backgrounds (e.g. 
mechanical engineers, electrical engineers) is an exacting 
challenge too, as well as obstacles in communication with the 
different stakeholders, organizations and customers [8].  
Summarized, the challenges for the development of 
sustainable IPSS are: 
x High number of involved elements (technical and social) 
x Dealing with organizational and technical complexity 
x Different models of technical products and services as well 
as IPSS 
x Large number of different types of data sets 
Therefore, a new concept for a sustainable IPSS is needed 
which is based on all available field data. This innovative 
concept has to be based on a Systems Engineering approach in 
order to solve the described challenges. 
First, in the state of the art, data and text mining methods, 
which can be categorized as methods for analyzing product use 
data as a procedure are introduced and investigated for the use 
in context of IPSS. Also gathered data of service reports has to 
be structured and represented, which will also be depicted. 
Beside this an IPSS model is needed. Therefore different 
modelling principles for handling complex systems will be 
discussed. Accordingly the concept for a sustainable IPSS will 
be developed and applied for the IPSS “hydraulic pump 
system”, which will be explained in first. Finally results will be 
summarized and steps for further research illustrated. 
2. State of the Art 
First, data and text mining methods for analyzing field data 
are focused on (cf. section 2.1). For the integrating and 
interpreting the results of analyzing field data in a common 
model of product and services is needed. The suitability of 
already given approaches based on systems engineering is 
discussed in section 2.2. 
2.1. Analysis of field data 
Sources of field data 
During the product use phase, numerous data can be 
gathered. This product use data can be subdivided into two 
categories [9]: 
x Structured data, which has a homogeneous structure (e.g. 
sensor data) 
x Unstructured data, which has no formalized structure (e.g. 
service documents) 
Source of structured data are the products themselves. 
Modern products are equipped with embedded sensors, which 
are used for monitoring of the products condition. The 
generated data is collected in several databases and used e.g. 
the planning of service events. 
Unstructured data is supplied by humans, such as service 
personnel. This data exists in the form of reports and is stored 
in additional databases. Reports are generally stored due to 
documentation and quality issues [10]. 
Data Mining 
Structured data can be processed using knowledge 
discovery in databases (KDD). KDD is often referred to as data 
mining. Data mining describes methods and algorithms to 
identify patterns and relationships in large sets of structured 
data [11].  
The process of data mining is subdivided into four phases. 
The first phase is called preparation of the data, here data is 
gathered. The second is the preprocessing of data. Data is 
cleansed and normalized. Third is the analysis of data and last 
reworking. The reworking includes the documentation. 
Analyzing the data is the core of data mining. For analysis 
different methods can be used [12, 13, 14]: 
x Visualization: Representation of data in e.g. tables 
x Correlation: Combination of elements 
x Regression: Identification of dependencies among variables 
x Prognosis: Prediction of further elements 
x Classification: Placement of elements in classes 
x Cluster analysis: Clustering of elements due to their 
similarity 
Text Mining 
The majority of product use data is available in textual form. 
Therefore common data mining methods cannot be applied. 
Text mining methods are used instead. The main purpose of 
text mining is to discover new knowledge from a single 
document or a set of documents. In text mining different 
methods for analyzing text documents and generating 
knowledge are used.  
Methods for automated indexation use indexes, which 
describe terms in texts. By using indexes the time for finding 
terms can be reduced. The combination of indexation and 
Boolean retrieval is the basis for keyword extraction. Keyword 
extraction is used for free text retrieval [15]. 
Collection and retrieval oriented methods use weighted 
indexes. The indexes of the request and the document are 
compared. The result is a list of relevant documents [16]. 
Information- and computer linguistic methods use 
morphologies, syntax or semantics to identify relevant 
documents [17]. 
Structuring and representation of information 
To structure and represent information and knowledge 
different methods can be used. These can be divided by means 
of their structuring, e.g. glossaries simply collect and define 
terms. If taxonomies are used, terms can be classified as well 
[18]. Here also thesaurus can be used, which represent terms in 
a hierarchical manner [19]. 
Furthermore map representations are often used, to show 
one topic and related or similar topics. Here a high variety of 
maps representations is known [20, 21]. 
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Semantic networks are another possibility to represent 
information and knowledge. Those networks are based on a 
mathematical model, which describes the relation between 
different terms and concepts [22].  
Extensions of sematic networks are ontologies. Ontologies 
use a highly axiomatic structure and are a formal specification 
of a conceptualization [23]. To prevent redundancies, 
characteristics can be passed on. 
The combined evaluation of field data using data mining and 
text mining methods is research topic of this paper and should 
provide a new generic procedure. It should use quantitative 
sensor data and qualitative service reports for an overall 
analysis to improve the efficiency of IPSS maintenance. 
Therefore, the information and knowledge generated by the 
procedure will be derived in a structure, which allows a fast and 
simple analysis of failures, not met requirements and their 
causes. To gather and model this information as well as the 
IPSS itself a common system model is needed. This will be 
presented in the next section. 
2.2. System Model for IPSS 
To handle complex IPSS and their environment in order to 
optimize products and services based on field data, a system 
theory-based approach seems a suitable solution [7]. With the 
help of such an approach complexity of the entire system can 
be handled in a systematic way, without losing the elements 
and their relations out of sight [24]. Such an approach for 
handling and managing complexity is Systems Engineering 
[25, 26]. Therefore Systems Engineering uses system thinking 
and combines a procedure for problem solving with a (system) 
model [27]. Beside the development of a problem specific 
procedure, a system-model has to be built up.  
Due to the described challenges (different and discipline 
specific models) a unified system model, which includes 
technical, as well as social components, seems to be a first 
starting point. All in common existing models e.g. for 
manufacturing planning do not use a common model of 
thinking, which can be explained by their different discipline 
specific backgrounds and the problem specific usage of the 
models [8, 28]. Also for services a comprehensive model is 
demanded, which is also explained by the different service 
definitions (e.g. electrical services, industrial services) 
applications [6, 29, 30, 31]. Yet, service models do not realize 
a common model of thinking [6]. Summarized, specialized 
modelling methods cannot build up a standardized system 
model for IPSS. 
For this reason methodical approaches for technical product 
systems have to be investigated too. As shown in [32] the 
DeCoDe-method can be used to build up a standardized system 
model for a technical product system [26], as well as to model 
socio-technical systems like collaborative networks [28]. It is 
based on the standardized “requirements”, “functions”, 
“components” and “processes” for technical product systems 
[26]. A DeCoDe based procedure for analyzing field data of 
technical systems has already been developed and tested 
successfully [32]. 
How this method can be enhanced for socio-technical 
systems like IPSS is investigated in the following. Therefore, 
the example of an IPSS – a hydraulic pump system – will be 
explained in the section 3. 
3. Hydraulic Pump System 
Hydraulic systems as pumps are used for transporting 
incompressible fluids by increasing the pressure and velocity 
of a fluid. For this task mainly pumps are being used. Most 
commonly are centrifugal pumps. These centrifugal pumps 
consist of a (volute) chamber, an intake (suction side) and 
outlet (pressure side). Within the chamber the fluid is 
compressed or accelerated via an impeller, hence pressure and 
velocity of the fluid at the outlet are higher as at the intake. 
Pumps are used: 
x in open systems (e.g. pipe lines), 
x in closed systems (e.g. central heating), 
x for conveying fluids from great depth (e.g. oil production) 
or 
x for actuating purposes (e.g. car braking system). 
The pump itself is powered by a drive. In most cases, an 
electric motor is used for actuating the pump, but also 
pneumatic or combustion drives are used. Centrifugal pumps 
are common hydraulic systems and often used because of their 
high efficiency and simple design. Due to their common use, 
they are a good option as a sample product.  
The pump itself can reach efficiencies of over 90%, which 
depends on the quality of its dimensioning and the availability 
of an optimal pump for the existing challenge. In practical use 
this high efficiency is not reached. Instead, efficiencies of 80% 
are more realistic [33].  
Fig. 1. Hydraulic Pump System as IPSS. 
Pumps can be equipped with sensors to monitor the actual 
condition. Sensors used monitor the temperature and pressure 
at different locations as well as the vibration and the rotation 
speed. By using those sensors, the critical parts of a pump, 
which are mainly the sealing and the bearing can be controlled 
continuously [34]. This condition monitoring helps to detect 
failures before they occur and lead to a standstill. Hence service 
events can be planned efficiently and failures can be prevented. 
During service events e.g. replacement of a defective 
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component additional data can be collected, such as kind of 
failure. The service is carried out by either service staff from 
the manufacturer or a third party. 
The physical product pump and the maintenance service of 
the pump are parts of an availability oriented IPSS (cf. Fig. 1). 
The user does not buy the pump itself, instead he purchases the 
output of the pump. 
4. Concept for a sustainable IPSS based on field data 
Based on Systems Engineering (cf. 2.2.) the concept for a 
sustainable IPSS is including a common determining of the 
product service system (cf. 4.1.), a procedure for a sustainable 
optimizing of the product system and its services (cf. 4.2.) and 
also the data- and text mining (cf. 4.3).  
4.1. System Model for IPSS 
Due to the concept a unified system model including the 
technical as well as social components has to be developed. The 
technical part e.g. the machine can be described by the 
standardized DeCoDe-views “requirements”, “functions”, 
“components” and “processes” [5]. For the hydraulic pump 
system the requirement “move fluid” is focused and the 
technical model is partly visualized in Fig. 2.  
 
Fig 2. System model for the hydraulic pump system. 
The model of the technical systems includes components 
like the “pump wheel”, the “rotatable shaft”, etc. in order to 
realize the function “rotating” for moving the fluid. Additional 
to this a second requirement “long lifetime (> 10,000h)” is 
determined in Fig. 2. A long lifetime is required and has to be 
realized by the characteristics of the different components. The 
knowledge regarding the pump system indicates problems with 
the bearing and its lifetime. Possible identified reasons are the 
quality and condition of the lubricant. To prevent unintended 
incidents like a damaged bearing, a condition monitoring and 
maintenance service is needed. This process has to be linked 
with the requirements concerning the service and if it is needed 
with the requirements, the functions and the components of the 
product system. According to this, the system model of IPSS 
for the hydraulic pump system and its maintenance is partly 
described in the Fig. 3. 
 
 
Fig. 3. System model for the hydraulic pump system and its services. 
The benefit of this system model is stated in the following 
and in context with data and text mining a procedure for a 
sustainable optimizing of IPSS is detailed. 
4.2. Procedure for optimizing the IPSS based on field data 
Combined in a procedure with different steps for optimizing 
products and services the concept is visualized in the following 
Fig. 4. 
 
Fig. 4. Concept for a sustainable IPSS based on field data. 
First step is capturing of field data (step A). This includes 
text-written service reports from maintenance or from repairing 
the product systems as well as sensor data from the use of the 
product system. After capturing the field data a process of 
analyzing is necessary (step B). Using the system model helps 
for a more efficient data and text mining. Documented 
functions and requirements can be negated to focus on the 
relevant parameters and terms while analyzing data. After 
getting information from service reports or sensor data about 
problems or failures within the product systems or the service, 
the causes has to be analyzed. Knowing the product and service 
structure from the system model helps to identify possible 
causes and consequences of problems concerning components, 
functions and processes. The third step (step C) is to derive 
measures for the improvement of the product system and also 
the services. The intention of this paper is to get a basis for an 
approved and validated improvement process for sustainable 
IPSS. Basis are the system model including product and service 
long lifetime 
(>10,000h)
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system (IPSS) and the combination of data- and text mining 
which will be explained in the following.  
4.3. Combination of data and text mining 
Data mining for product use data is very useful for 
identifying the actual condition and for planning further service 
events [34]. Here methods are used to generate indicators (e.g. 
availability), statistics (e.g. statistics of defective parts) and 
diagrams (e.g. use of the product). This information is useful 
for analyzing the behavior of a product (e.g. a pump), to 
identify failures, standstills and trends.  
Text mining can be used to analyze texts, such as 
maintenance reports. Maintenance reports inherit information 
about the product maintained, defective products and 
components, actions taken and maybe as well inherit 
information about possible causes of the failures. 
Therefore it is obvious, that a combination of data collected 
before and after service events, as well as data from the service 
event itself, lead to a holistic view of service events, the reason 
for service events and the effect of a service event. In addition 
a detailed use and wear profile of a product is generated. 
Such a profile will be presented in a semantic network. Such 
a semantic network has different nodes and edges for detected 
failures, components and reports (cf. Fig. 5).  
Fig. 5. Semantic network for failures detected in field data. 
The nodes and the edges of this sematic network will be 
taken from existing product engineering systems (e.g. Product 
Lifecycle Management Systems (PLM)) and will be learned 
from service reports. The reports will be linked to components 
and failures. In addition dependencies between failures and 
components will be generated. 
The detected failures will be classified according to the 
product use data. Here the classification depends on factors 
such as how often failures occur, the time to repair und the time 
between identification of the failures and a standstill. 
The semantic network has to be linked directly to the system 
model for IPSS. In addition to the information inherited in the 
sematic network, the system model provides information about 
functions, requirements and services/processes. When 
analyzing and optimizing IPSS only a combination of all the 
information mentioned before can lead to a holistic view of the 
IPSS. 
Measures for IPSS improvement can be derived as the 
semantic models provides detailed information about failures 
and the system model provides detailed information about the 
functions, components, processes and services responsible for 
the failure. 
5. Summary and outlook 
Based on the fact, that sustainability of IPSS includes 
performance of services regarding maintaining and repairing 
this paper focuses on service events. It is necessary not only to 
focus on sensor data for planning and carrying out services but 
also qualitative aspects included in service reports.  
In order to consider all information regarding service 
performances in a procedure, the first step is to combine data 
and text mining in order to establish sensor data and service 
report information. In a next step this data has to be analyzed, 
and detected failures have to be categorized and prioritized.  
As IPSS are a complex socio-technical system a concept 
based on System Engineering was developed. This concept 
offers a standardized model for the IPSS and a procedure that 
interacts with the model to integrate gathered information. Also 
continuous improvement is supported.  
The given example pointed out the main steps and aspects 
of the procedure which is interlinked with the system model. It 
was shown that service performances and sustainability can be 
improved by integrating sensor data and service report 
information in a standardized model and an appropriate 
combination of procedures.  
The described concept will be further development in future 
research. The next steps are tests of the procedure with the help 
of comprehensive data sets for different service events. 
Furthermore, the concept itself will be applied and examined in 
enhanced scenarios. 
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